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Abstract
We investigate the decay properties of some beauty and charm mesons with a phenomenological
potential model. First, we consider the nonrelativistic Hamiltonian of the mesonic system with
Coulomb plus exponential terms and study the wave function and the energy of the system using
the variational approach. Thereby, we compute the masses, the decay constants, the leptonic
branching fractions of heavy-light mesons and the mixing mass parameter ∆mBq . We study the
radiative leptonic decay widths of Ds → γ`ν¯, D− → γ`ν¯ and the semileptonic decay widths of
B¯(s) → D(s)`ν¯, B¯(s) → D∗(s)`ν¯. Using Isgur-Wise functions, we calculate the branching ratios of
B → D(∗)pi and two-body nonleptonic decay of D → Kpi. Our results are consistent with other
theoretical models and the experimental results.
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I. INTRODUCTION
In recent years, the study of beauty and charm mesons have been remarkably achieved
both in the experimental and theoretical sides. But, there are still some challenges and
open questions. In the study of semileptonic decays of B mesons which contain the flavour-
changing quark transitions b → c, one needs to introduce a universal Isgur-Wise func-
tion (IWF) ξ(v.v′). The semilptonic B decays provide a good opportunity to measure the
Cabibbo-Kobayashi-Maskawa (CKM) matrix element |Vcb| and the knowledge of the heavy-
light meson dynamics. Besides the study of two-body nonleptonic decays of B and D mesons
are also caught great of interests in particle physics because they contain valuable informa-
tion on the electroweak interactions of quarks, flavor mixing, CP violation [1] and they
are useful for testing some QCD motivated models. The semileptonic and nonleptonic de-
cay widths with B → D(∗) are expressed in terms of IWF in HQET. There are different
parameterizations for IWF within phenomenological approaches [2–5].
The decay constants of heavy-light mesons play an important role in particle physics such
as the B0−B¯0 mixing, the treatment of nonleptonic heavy flavour decays in the factorization
approximation, the analysis of the CKM matrix element and also the connection of the
leptonic constants to the wave function at the origin in the nonrelativistic quark model
[6–9].
Up to now, there have been some valuable studies on the weak decays of B and D mesons
using the factorization approach [1, 2], QCD sum rules [10, 11], Bethe-Salpeter equation
approach [12, 13] and non-relativistic constituent quark model [14]. Li et al studied both the
semileptonic decays of B¯0s → D+s `ν¯` and nonleptonic decays Bs → D+s M where M is a light
or charmed meson under the factorization approach [15]. Ivanov et al analyzed the exclusive
leptonic and semileptonic B decays B → `ν` and B → D(∗)`ν` with the covariant quark
model [16]. The Non-leptonic decays of B mesons into two mesons studied by Kramer and
L using two versions of pole-dominance model in addition with a factorization assumption
[17]. With a relativistic potential model, Sun and Yang obtained the wave functions and
leptonic decays of bottom mesons [18]. L and Song calculated the branching fractions of
D−(s) → γ`ν¯(` = e, µ) using the non-relativistic constituent quark model and the effective
Lagrangian for the heavy avor decays [14]. The spectroscopy and the decay properties of B
and Bs mesons have been studied using Hydrogenic and Gaussian wave functions [19].
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In next section, we make a brief introduction of the Hamiltonian of a mesonic system
using of a variation method. In section III, we obtain the masses of pseudoscalar and vector
mesons in beauty and charm sectors, the leptonic decay widths of B and D mesons. Using of
their decay constants, we also evaluate the radiative leptonic decay widths of charm mesons
including D and Ds. The mixing mass parameter of B and Bs mesons are given in the next
section. Following, we use two different parameterizations of IWF and analyze semileptonic
decay widths of B mesons in section V. Then, using of differential semileptonic decay widths
of B mesons at maximum recoil, we study the nonleptonic decays of B to D and a pion in
their final transitions in next section. D decays to a pion and a K meson are also included.
At the end, we present our conclusions and outlook.
II. GENERAL FRAMEWORK
For the heavy-light bound states of B and D mesons, we consider the nonrelativistic
Hamiltonian to obtain the wave function of the mesonic system,
H =
P 2
2µ
+ V (r), (1)
where the potential is assumed as the Coulomb plus exponential terms [20, 21],
V (r) =
[−3
4
(
b(1− e−λr)
λ
+ V0
)
+
αs(r)
r
]
~F1. ~F2, (2)
and µ is the reduced mass of the mesons. The potential parameters are b = 0.221(GeV 2)
and λ = 0.0635(GeV ) [20]. V0 is a free parameter and will be determined by fitting to the
experimental masses of the heavy-light mesons. For mesons we have
〈
~F1. ~F2
〉
= −4
3
, where
~F are related to the Gell-Mann matrices. The Coloumb-like term −4αs(r)
3r
originates from
the one gluon exchange diagram for the short-distance contributions, and the exponential
term is for confinement effects at a long distance. Fig. 1 shows the variation of considered
potential, Eq. (2) for B and D mesons. The value of the QCD coupling constant can be
obtained through [22]:
αs(µ
2) =
4pi(
11− 2nf
3
)
ln
(
(2µ)2+M2B
Λ2
) , (3)
where the background mass is MB = 2.24 ×
√
b, ΛQCD = 0.200GeV and nf = 3 [23]. We
use the hydrogen-like wave function as a trial wave function [19, 24],
ψn,l(g, r) = Ng
3
2 (gr)le−grL2l+1n (2gr), (4)
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FIG. 1: Behavior of the potential for B and D mesons.
where N is the normalization constant, g the variational parameter and L the Laguerre
polynomial. We take the quantum numbers n = 1, l = 0 in the present work. Thus by
considering the condition
∞∫
0
4pir2ψ21,0(g, r)dr = 1, N will be
1
2
√
pi
. We have plotted the wave
functions for B,Bs, Ds and D mesons in Fig. 2, which has been normalized to one. By
minimizing the trial energy and taking the derivative with respect to g, setting it equal to
zero as
∂
∂g
(< ψn,l(g, r)|H|ψn,l(g, r) >) = 0, (5)
and solving for g, we can evaluate the energy of the mesonic system. We have shown the
obtained g parameter for B and D mesons in the second column of Table I. g depends on
quantum numbers n, l and masses of quarks. We have considered the ground state of mesons
and obtained the variation parameter for different D and B mesons using Eqs. (4) and (5).
III. MASSES AND LEPTONIC BRANCHING FRACTIONS
The pseudoscalar or vector meson mass is taken to be
MP/V = m1 +m2 + E1,0+ < Hsd > (6)
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FIG. 2: Wave functions for beauty and charm mesons.
TABLE I: Masses and decay constants of heavy-light mesons (V0 = 0.014GeV for bottom mesons
and V0 = 0.064GeV for charmed ones)
Meson g Mass (Ours)-in
GeV
Exp.-in GeV
[25]
fP/V (Ours)-in
GeV
fP/V (Others)-
in MeV
B± 0.287 5.273 5.279 0.135 198 ± 14 [8],
187.2+4.0−4.3 [9]
D± 0.274 1.877 1.869 0.208 205.8 [25]
D±s 0.301 2.004 1.968 0.238 233.1
+5.0
−5.4 [9]
B0s 0.320 5.399 5.366 0.162 237± 17 [8]
B∗ 0.287 5.294 5.324 0.135 193.1+4.3−4.6 [9]
D∗ 0.274 1.934 2.006 0.205 226.6+5.9−10.2 [9]
D∗±s 0.301 2.060 2.112 0.235 254.7
+6.3
−6.7 [9]
B∗s 0.320 5.420 5.415 0.162 272± 20 [7]
where m1 and m2 are the quark masses and E1,0 is the energy of the mesonic system in the
ground state. The spin dependent term is given by
〈Hsd〉 =

8piαs
9m1m2
|ψP/V (0)|2 for S = 1
− 8piαs
3m1m2
|ψP/V (0)|2 for S = 0
(7)
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where the wave function at the origin is
|ψP/V (0)|2 = µ
2pi~2
<
dV (r)
dr
> . (8)
Input values of quark masses are md = mu = 0.336GeV,ms = 0.465GeV, mc = 1.55GeV,
and mb = 4.97GeV [22]. We have calculated the masses of B and D mesons in the third
column of Table I. As one can see from Table I, in most cases our results are in agreement
with the experimental data. For instance, the differences between our obtained masses and
Ref. [25] are 6 MeV, 8 MeV, 36 MeV and 33 MeV for the pseudoscalar mesons B, D, Ds and
Bs respectively. By using of σ =
√
1
N
N∑
n=1
[
MOurs−MExp
MExp
]
2
, we have computed the root mean
square deviations of our obtained masses with experimental data of Ref. [25] as ±0.017.
The leptonic decays of B and D mesons contain the flavour-changing transitions. In
these process, a quark and antiquark annihilate via a virtual W boson. Let P be any of
the pseudoscalar mesons including B, D and Ds. In the Standard Model (SM), the purely
leptonic decay widths of these heavy-light mesons can be obtained by
Γ(P → lν) = G
2
F |Vq1q2|2f 2P
8pi
m2l
(
1− m
2
l
M2P
)2
MP (9)
where Vq1q2 is the CKM matrix element between the quarks q1q2 inside P . In the case of
Ds, D,B, it is Vcs, Vcd and Vub, respectively. In the nonrelativistic limit, the decay constants
of pseudoscalar and vector mesons can be expressed through the meson wave function at
the origin by Van-Royen-Weisskopf formula [26],
fP/V =
√
12
MP/V
|ψP/V (0)| (10)
In this work, we have taken Fermi coupling constant, CKM matrix elements and the masses
of leptons as follows GF = 1.16637 × 10−5GeV −2, |Vub| = 0.00351, |Vcs| = 0.97344, |Vcd| =
0.22520, mµ = 0.105GeV,mτ = 1.776GeV,me = 0.510× 10−3GeV [25]. The fifth column of
Table I shows our obtained values for the decay constants of the beauty and charm mesons.
The ratio of charm decay constants reported as
fDs
fD
= 1.175 and
fBs
fB
= 1.209 for the bottom
pseudoscalar-meson decay constants [25]. We have obtained
fDs
fD
= 1.146 and
fBs
fB
= 1.201,
where the differences of our mentioned values are about 2.45 % and 0.65 %, respectively,
compared to Ref. [25]. The results of Ref. [27] are 1.15 for these fractions. Qin Chang et.
al. reported
fDs
fD
= 1.129,
fBs
fB
= 1.166,
fD∗s
fD∗
= 1.12,
fD∗
fD
= 1.097,
fD∗s
fDs
= 1.093,
fB∗s
fB∗
= 1.21,
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fB∗
fB
= 1.027 and
fB∗s
fBs
= 1.028 [9]. Our results for the ratios of decay constants,
fD∗s
fD∗
= 1.148,
fD∗
fD
= 0.985,
fD∗s
fDs
= 0.986,
fB∗s
fB∗
= 1.201,
fB∗
fB
= 0.998 and
fB∗s
fBs
= 0.998, are generally in
compatible with them, where the difference of our obtained value for
fB∗
fB
is about 4.18 %,
and
fB∗s
fBs
about 2.47 % in comparison with Ref. [9]. The ratios of the decay constants for
the bottom mesons,
fB∗
fB
= 0.958 ± 0.022 and fB∗s
fBs
= 0.974 ± 0.010, have also been given
with LQCD approach calculations [28], which are similar to what we get. With the leptonic
decay widths that we obtain from Eq. (9), the leptonic decay branching ratios for the beauty
and charm mesons are given in the second column of Table II, where we compare with the
experimental ones [25] and find that they are consistent.
TABLE II: Leptonic decays of heavy-light mesons
Decay Br (Our) Exp. [25]
B+ → τ+ντ 0.40× 10−4 (1.09± 0.24)× 10−4
B+ → µ+νµ 1.76× 10−7 2.90× 10−7
B+ → e+νe 4.16× 10−12 < 9.8× 10−7
D+ → τ+ντ 2.28× 10−2 (1.20± 0.27)× 10−3
D+ → µ+νµ 7.22× 10−3 (3.74± 0.17)× 10−4
D+ → e+νe 1.71× 10−7 < 8.8× 10−6
D+s → τ+ντ 6.52% (5.48± 0.23)%
D+s → µ+νµ 4.91× 10−3 (5.49± 0.16)× 10−3
D+s → e+νe 1.16× 10−7 < 8.3× 10−5
Recently, Fleischer et. al. have shown their results for the branching ratios of leptonic Ds
decays with the SM as Br(D+s → e+νe) = (1.24± 0.02)× 10−7, Br(D+s → µ+νµ) = (5.28±
0.08) × 10−3, Br(D+s → τ+ντ ) = (5.15 ± 0.08) × 10−2 [29]. Comparing with their results,
there are 6.14 % differences for the leptonic decay width of D+s → e+νe, 7.07 % differences
for the one of the decay D+s → µ+νµ, and 26.56 % for D+s → τ+ντ . In the case of leptonic
B-decay branching fractions Br(B− → e−νe) = 1.16×10−11, Br(B− → µ−νµ) = 0.49×10−6
and Br(B− → τ−ντ ) = 1.10 × 10−4 have been reported by Ivanov et. al. [16]. Our results
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in Table II are consistent with them. The deviations of our leptonic B-decay results in
comparison with them are ±0.641, ±0.640 and ±0.639, respectively, for e, µ and τ .
Furtheremore, another one of the quantities that we can calculate by the obtained masses
and decay constants is the radiative leptonic decays of charm mesons [14]
Γ(Ds → γ`ν¯) = αG
2
F |Vcs|2
2592pi2
f 2DsM
3
Ds [xs + xc], (11)
with
xs =
(
3− MDs
ms
)2
, xc =
(
3− 2MDs
mc
)2
. (12)
For the case of D mesons, we have [14]
Γ(D− → γ`ν¯) = αG
2
F |Vcd|2
2592pi2
f 2DM
3
D[xd + xc], (13)
where
xd =
(
3− MD
md
)2
, xc =
(
3− 2MD
mc
)2
. (14)
Using α = 1
137
, τDs = 5.04× 10−13s, τD = 1.04× 10−12s [25], we obtain the branching ratios
of radiative leptonic decays for charm mesons in Table III, where our results are close to the
ones obtained Ref. [14].
TABLE III: Branching ratios of radiative leptonic decays
Decay Br (Our) Results of Ref. [14]
Ds → γ`ν 2.43× 10−5 1.8× 10−5
D → γ`ν 6.25× 10−6 4.6× 10−6
In PDG [25], the branching ratio of D → γe+νe is < 3.0×10−5 . Our result of 6.25×10−6 is
in agreement with it. Also we have obtained 2.43×10−5 for the ratio of Ds radiative leptonic
decay, which is in agreement with the one obtained in [25] Br(Ds → γe+νe) < 1.3 × 10−4.
Furthermore, we have obtained Γ(D → γ`ν) = 3.954 × 10−18GeV and Γ(Ds → γ`ν) =
3.178 × 10−17GeV , which are in agreement with the results of Ref. [14]: Γ(D → γ`ν) =
2.9× 10−18GeV and Γ(Ds → γ`ν) = 2.3× 10−17GeV . The deviations of our obtained values
for branching ratios of D → γ`ν and Ds → γ`ν comparing with Ref. [14] are about ±0.359
and ±0.353., respectively.
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IV. MIXING MASS PARAMETER
Particle-antiparticle mixing phenomena have fundamental importance in testing the SM.
With the calculated meson masses and pseudoscalar decay constants, we can compute the
oscillation frequency ∆mBq , q = d, s. This parameter is a measure of the frequency of the
change from B into B¯ and can be parameterized as [30–32],
∆mB =
G2Fm
2
tMBqf
2
Bq
8pi
[
1
4
+
9
4(1− xt) −
3
2(1− xt)2
− 3x
2
t
2(1− xt)3
]
ηt|V ∗tqVtb|2B; q = d, s
(15)
which depends on parameters of SM, such as GF , the CKM matrix elements (Vtd =
7.4 × 10−3, Vtb = 1, Vts = 40.6 × 10−3), top quark (mt = 174GeV ) and W boson
(mW = 80.403GeV ) masses. Moreover, we have used xt =
m2t
m2W
, B = 1.34, representing
the correction to the vacuum insertion, and the numerical factor ηt = 0.55 standing for
QCD corrections. We show our calculated values for the mixing parameters for B mesons
in Table IV, where our results are found to be comparable with the other theoretical values
and experimental data in Refs. [25, 31, 32]. The deviations of our results are about ±0.534
and ±0.643 for Bs and Bd, respectively, compared to Refs. [25, 31].
TABLE IV: Mixing parameters for B mesons
Meson ∆mB(ps
−1) (Our) Other results
Bs 8.06 23.88 [32], 17.3± 2.6 [31]
Bd 0.18 0.55 [32], 0.507 [25]
V. SEMILEPTONIC DECAYS OF B MESONS
The differential semileptonic decays can be expressed [33, 34]
dΓ(B¯(s) → D(s)`ν¯)
dω
=
G2F |Vcb|2
48pi3
(MB(s) +MD(s))
2M3D(s)(ω
2 − 1) 32
×|h+(ω)− MB(s) −MD(s)
MB(s) +MD(s)
h−(ω)|2
(16)
9
FIG. 3: Differential semileptonic decay widths of Bs → Ds`ν versus ω for two cases of IWFs.
in terms of form factors h−(ω) and h+(ω), which are given by
h−(ω) = 0,
h+(ω) = ξ(ω),
(17)
in the heavy quark symmetry. In the range of semileptonic decay width, we have shown the
behavior of dΓ
dω
(Bs → Ds`ν) as a function of ω in Fig. 3.
IWF can be parameterized within a phenomenological model [3],
ξ(ω) =
(
2
ω + 1
)2ρ2
(18)
where we take ρ2 = 1.15 [3]. In the limit of zero lepton mass, we can write for the differential
semileptonic decay width of B¯(s) → D∗(s)`ν¯ as [26, 35]
dΓ(B¯(s) → D∗(s)`ν¯)
dω
=
G2F
48pi3
M3D∗
(s)
(MB(s) −MD∗(s))2[1 + βA1(1)]2 ×
√
ω2 − 1(ω + 1)2|Vcb|2
×ξ2(ω)
[
1 +
4ω
ω + 1
M2B(s) − 2ωMB(s)MD∗(s) +M2D∗(s)
(MB(s) −MD∗(s))
2
]
K(ω)
(19)
where βA1(1) = −0.01 and K(ω)=1. By integrating the differential semileptonic decay
widths of Eqs. (16) and (19) over the range 1 6 ω 6
M2B(s)
+M2D(s)
2MB(s)MD(s)
, using the life times of
B mesons, τB = 1.638ps, τBs = 1.512ps, and |Vcb| = 0.04, we can calculate the semileptonic
branching fractions of B mesons. If we consider IWF as
ξ(ω) =
2(ω + 1)
[ω + 1 + (ρ2 − 1
2
)(ω − 1)]2
, (20)
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FIG. 4: Differential semileptonic decay widths of B → D∗`ν versus ω for two cases of IWFs.
FIG. 5: Variation of IWFs.
with ρ2 = 0.9 [4], we get Γ(B¯ → D∗lν¯) = 2.934× 10−14GeV and Br(B¯ → D∗lν¯) = 7.31 % .
Also we have obtained Γ(B¯ → D¯lν¯) = 1.019×10−14GeV and Br(B¯ → D¯lν¯) = 2.54%. Fig 4
shows the differential semileptonic decay widths of B → D∗`ν for two cases of IWFs. As we
can see from Fig. 5, IWFs are normalized to unity at ω = 1. Since one can see that dΓ
dω
for
Eq. (20) grows faster than Eq. (18), we can expect that the branching ratios for the case of
(20) be larger than the case of Eq. (18). We have shown our results in Table V using two
IWFs with the comparison of the other results.
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TABLE V: Semileptonic decay widths of B mesons
Decay Γ (in GeV)
(with Eq. (20))
Γ (in GeV)
(with Eq. (18))
Br (Ours)
(with Eq.(20))
Br (Ours)
(with Eq.(18))
Br (Others)
B¯s → D¯s`ν¯ 1.089× 10−14 0.894× 10−14 2.50 2.05 2.1± 0.2 [36]
B¯ → D¯`ν¯ 1.019× 10−14 0.821× 10−14 2.54 2.04 2.35±0.09 [25],
2.31±0.09 [12],
1.8± 0.5 [2]
B¯ → D∗lν¯ 2.934× 10−14 2.535× 10−14 7.31 6.31 5.66±0.22 [25],
4.9± 0.8 [2]
B¯s → D∗s lν¯ 3.127× 10−14 2.734× 10−14 7.19 6.28 5.3 ± 0.5 [36],
7.49− 7.66 [5]
From the results in Table V, we have found the ratios of B semileptonic decays as
Γ(B¯→D∗lν¯)
Γ(B¯→D`ν¯) = 2.88 using of Eq. (20) for IWF,
Γ(B¯→D∗lν¯)
Γ(B¯→D`ν¯) = 3.09 considering IWF as Eq.
(18), Γ(B¯s→D
∗
s lν¯)
Γ(B¯s→Ds`ν¯) = 2.87 with Eq. (20) and
Γ(B¯s→D∗s lν¯)
Γ(B¯s→Ds`ν¯) = 3.06 with Eq. (18), which
are in accordance with the ones obtained in Ref. [37], Γ(B¯→D
∗lν¯)
Γ(B¯→D`ν¯) = 3.2
+3
−2 ± 1.0 and
Γ(B¯s→D∗s lν¯)
Γ(B¯s→Ds`ν¯) = 3.3
+2
−1 ± 1.0, respectively. In the case of Γ(B¯→D
∗lν¯)
Γ(B¯→D`ν¯) , the differences of our
values with them are about 10.05 % with Eq. (20) and 3.56 % with Eq. (18), respectively.
For the ratios Γ(B¯s→D
∗
s lν¯)
Γ(B¯s→Ds`ν¯) , we have obtained the differences about 12.99 % with Eq. (20) and
7.31 % with Eq. (18) in comparison with Ref. [37].
Moreover, our branching ratios of semileptonic B decays are close to the reported values
of Hiller et. al., which are Br(B0 → D+(e, µ)ν) = (2.23 ± 0.24) × 10−2 and Br(B0 →
D+∗(e, µ)ν) = (5.34± 0.40)× 10−2 [38]. The deviations of our values with them are ±0.138,
±0.083 with Eqs. (20) and (18), respectively, for B to D semileptonic decay, and ±0.368
with Eq. (20), ±0.182 with Eq. (18) for B to D∗ semileptonic decay.
In the heavy quark limit, Ivanov et. al. obtained the semileptonic decay branching
fractions of B mesons 2.65 for B0 → D+`−ν¯ and 7.21 for B0 → D∗+`−ν¯ [16]. Our results
of Br(B0 → D+`−ν¯) = 2.54 and Br(B0 → D∗+`−ν¯) = 7.31 are in a good agreement with
them having about 4.23 % and 1.32 % differences, respectively, as well as with Ref. [11] in
which they reported: Br(B0 → D∗+`−ν¯) = 4.57− 9.12. In the case of branching ratios Bs,
Azizi reported Br(Bs → Ds`ν) = 2.8 − 3.5 [10] and Br(Bs → D∗s`ν) = 1.89 − 6.61 [11] in
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the framework of three point QCD sum rules. Our results are competible with theirs well,
where the deviations of our results are about ±0.106 and ±0.049 for the branching ratios of
Bs → Ds`ν and Bs → D∗s`ν, respectively, comparing with Refs. [10, 11].
VI. NONLEPTONIC DECAYS OF B AND D MESONS
The flavor changing decays of the b-meson and c-meson can be used as a test of SM. Here
we want to study two-body nonleptonic decays of B and D mesons through to a hadronic
state and a pion meson in their final processes. In each channel the nonleptonic decay is
related to the semileptonic differential decay at maximal recoil as follows [35]
Γ(B → D(∗)pi) = 3pi
2C2|Vud|2f 2pi
MBMD(∗)
dΓ(B → D(∗)`ν¯)
dω
|ωmax , (21)
where C|Vud| ≈ 1 and the dot product ω = v.v′ is determined by considering momentum
conservation of two-body decays
ω =
M2B +M
2
D(∗) −M2pi
2MBMD(∗)
. (22)
The decay widths of D are given by [39],
Γ(D0 → K−pi+) = CfG
2
F |Vcs|2|Vud|2f 2pi
32piM3Ds
(
λ(M2D,M
2
K− ,M
2
pi)
) 3
2f 2+(q
2), (23)
for the case of c→ s+ u+ d¯ and
Γ(D0 → K+pi−) = CfG
2
F |Vcd|2|Vus|2f 2pi
32piM3Ds
(
λ(M2D,M
2
K+ ,M
2
pi)
) 3
2f 2+(q
2), (24)
for the case of c→ d+ u+ d¯, where the factor λ(M2D,M2K+ ,M2pi) is the usual Ka¨llen triangle
function and given by
λ(x, y, z) = x2 + y2 + z2 − xy − yz − zx, (25)
and the color factor is Cf = C
2
A + C
2
B, where
CA =
1
2
(C+ + C−), CB =
1
2
(C+ − C−), (26)
C+ = 1− αs
pi
log
(
mW
mc
)
, C− = 1 + 2
αs
pi
log
(
mW
mc
)
. (27)
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FIG. 6: Decay width of D → Kpi versus ω (using Eq. (18) for IWF).
Further we get [16, 40]
f+(q
2) = ξ(ω)
MD +Mφ
2
√
MDMφ
(28)
for the weak transition form factor which is related to IWF. In Fig. 6, we show the decay
width of D → Kpi as a function of ω. Considering two cases for IWF in Eqs (18) and
(20), taking τD0 = 0.410ps
−1, Mφ = 1.019GeV, Mpi = 0.139GeV , MK = 0.493GeV, fpi =
0.130GeV , |Vus| = 0.225 and |Vud| = 0.974, we obtain the nonleptonic decay rates with Eqs.
(23), (24) as well as Eq. (21) and show them in Table VI, where one can see that our results
are consistent with the other results in Refs. [1, 17, 25].
TABLE VI: Nonleptonic decay rates of B and D mesons
Decay Br (Ours) (with
Eq.(20))
Br (Ours) (with
Eq.(18))
Br (Exp. [25]) Br (Others)
B → D∗pi 4.811× 10−3 3.571× 10−3 (4.90±0.17)×10−3 4.74× 10−3 [17]
B → Dpi 4.867× 10−3 3.539× 10−3 (4.68±0.13)×10−3 5.91× 10−3 [17]
D0 → K−pi+ 3.370% 1.914% (3.950± 0.031)% 4.03% [1]
D0 → K+pi− 0.965× 10−4 0.548× 10−4 - (1.12±0.05)×10−4
[1]
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Besides, our results of Br(B0 → D∗+pi−) = 0.357% and Br(B0 → D+pi−) = 0.354%
are in agreement with the ones obtained in Ref. [13], Br(B0 → D+pi−) = 0.345% and
Br(B0 → D∗+pi−) = 0.331%, with differences about 7.85 % and 2.61 %, respectively. In the
case of charm nonleptonic decay D0 → K−pi+, we have obtained the deviation as ±0.147
compared to PDG [25].
VII. CONCLUSION
In the present work, we have presented a phenomenological model based on Screened
potential and obtained the energy, the wave functions and the masses for the beauty and
charm mesons using a variational method. Consequently, we study the decay properties
of the heavy-light mesons, such as the leptonic decay, the radiative leptonic decay, the
semileptonic decay and two-body nonleptonic decay. Two forms of IWFs were considered.
Through this work, we have gotten the results of Tables I–VI, where the results we provided
give a satisfactory description of properties of beauty and charm mesons and compatible
with the other theoretical or experimental results. Thus, our results can be useful for
further studying of the properties of B and D mesons and their branching fractions for the
leptonic decay, the radiative decay, the semileptonic decay and the nonleptonic decay.
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